Abstract. We review the recent results of heavy meson diffusion in thermal hadronic matter. The interactions of D andB mesons with other hadrons (light mesons and baryons) are extracted from effective field theories based on chiral and heavy-quark symmetries. When these guiding principles are combined with exact unitarity, physical values of the cross sections are obtained. These cross sections (which contain resonant contributions) are used to calculate the drag and diffusion coefficients of heavy mesons immersed in a thermal and dense medium. The transport coefficients are computed using a Fokker-Planck reduction of the Boltzmann equation.
Introduction
In relativistic heavy-ion collisions (HICs) heavy-flavor dynamics is considered one of the cleanest processes carrying direct information from the quark-gluon plasma (QGP) phase. During the last years -and thanks to the experimental heavy-flavor results from the Relativistic Heavy-Ion Collider (RHIC) and the Large Hadron Collider (LHC)-a lot of effort has been done in the theoretical side to understand a series of observables and infer the properties of the deconfined medium. Of special interest are the elliptic flow v 2 and the nuclear modification factor R AA of D mesons, and of electrons coming from the heavy hadron decays. These observables are sensitive to the microscopic details of hot matter and the interaction among their components. In particular, the transport coefficients of heavy particles affect these quantities (in a similar fashion in which v 2 of light systems depends on the value of η/s and ζ/s). For these reasons, interaction and transport coefficients of heavy particles are fundamental ingredients to interpret the experimental results of heavy particles and get knowledge of matter at extreme conditions.
The last stage of a HIC is described by the expansion and final decoupling of the hadronic phase. In this medium, the heavy-flavor dynamics is dominated by the propagation of charmed and bottomed mesons and baryons. Therefore, a complete description of a HIC should contain the evolution of these states in an expanding medium, and consequently, information about the slowing down of the momentum carried by them. The relative amount of momentum stopping and diffusion is measured by the drag force and diffusion coefficients, respectively. To compute these transport coefficients from a microscopical framework, it is necessary to define a sensible effective theory for the interaction between heavy hadrons and the particles of the thermal bath.
In this work we review our recent results on the microscopical calculation of the heavy-meson transport coefficients in a hot and dense medium using an up-to-date hadronic interaction based on effective field theories (EFTs) and demanding exact unitarity. In particular, we will present our description for the interaction of D andB mesons with lighter hadronic states, as well as the transport coefficients as functions of temperature and baryochemical potential.
Heavy-meson interaction
The EFT for the D andB mesons follow quite in parallel because the meson mass (hard scale) dominates over all other scales [1, 2] . For this reason the heavy-quark spin symmetry (HQSS) is one the key ingredients in the construction of the effective Lagrangian. At leading order, the interactions of D, D * ,B andB * mesons are formally the same. This fact is reminiscent of the spin-flavor symmetry of the heavy-quark effective theory [1] . However physical masses explicitly break this symmetry, leading to different interactions. Due to the presence of the pseudo-Goldstone bosons (π, K,K, η) the chiral symmetry is also exploited in the EFT.
We construct the effective Lagrangians for both meson-meson and meson-baryon interactions. The former can be arranged in a power-counting scheme giving a systematic expansion for the effective Lagrangian [3, 2, 4] . We consider the chiral expansion up to next-to-leading order, whereas the scattering amplitudes are expanded at lowest order in the (inverse) heavy-mesonmass expansion. In the meson-baryon sector the Lagrangian is based on a SU (6)×HQSS symmetry, kept at leading order. The resulting Lagrangian coincides with a Weinberg-Tomozawa contact vertex [5, 6, 7] . In both sectors, we account for all possible elastic and inelastic channels involving a heavy-meson and a lighter hadron.
We apply a unitarization scheme to ensure that the scattering-matrix elements satisfy the unitarity condition exactly. This is done by solving a Bethe-Salpeter equation for the scattering amplitude in a coupled-channel basis [8, 9] . This method provides reliable interaction rates for D, D * ,B,B * mesons scattering off light hadrons: π, K,K, η, N, ∆ (many other intermediate channels are also included e.g. D s π, Λ c η... but they are not considered here as asymptotic states).
In Fig. 1 we show two channels in which resonant states are found in the scattering amplitude (note that the physical scattering amplitude is taken along the real-energy axis). A typical resonance -with a finite decay width-and a bound state -without decay width-are clearly seen in the left and right panels, respectively. It is important to notice that the EFT alone cannot give physical interactions without the application of a unitarization method, because the unitarization might give rise to resonances or bound states which produce strong modifications to the cross sections.
Transport coefficients and application
The scattering amplitudes are now used to compute the transport coefficients of heavy mesons. The momentum distribution (initially out of equilibrium) evolves in time because of the rearrangement of momentum due to collisions. If we focus on the first two moments of the distribution -i.e. average momentum and the distribution width-, rather than the distribution itself, their time evolution is controlled by the drag force F (that stops the heavy meson) and two diffusion coefficients Γ 0 , Γ 1 (measuring the momentum broadening along the parallel and transverse directions of motion). These coefficients determine the Fokker-Planck equation governing the time evolution of the distribution function. Derived quantities are the relaxation time of the average momentum τ R = 1/F and the spatial diffusion coefficient D x (which measures the spreading of heavy particles in the medium). We plot these coefficients for a heavy-meson momentum of 100 MeV as functions of temperature and entropy per baryon in Figs. 2 and 3 . Based on estimates of non-relativistic kinetic theory and assuming a comparable interaction strength, the drag force should roughly scale with the inverse of the heavy-meson mass. For this reason the relaxation time of the bottomed mesons is approximately m B /m D ∼ 3 times larger than the one for charmed mesons (see Fig. 2 ). On the other hand, the diffusion coefficient D x does not carry an explicit dependence on the heavy-meson mass. Therefore it should be approximately equal for D andB mesons, as seen in Fig. 3 (different cross sections and subleading effects in the mass break this simple picture). Many other results can be found in our recent works [8, 9] .
It is interesting to mention that the diffusion coefficient has also been computed in the dynamical quasiparticle model for a quark-gluon plasma at finite temperature and chemical potential in Ref. [10] . The results -with a sizable reduction with respect to perturbative quantum chromodynamics (QCD) calculations-lie very close to our hadronic results around the transition temperature. This provides a nice agreement of the different models at both sides of the crossover region (also with lattice-QCD calculation around the transition temperature).
The results summarized here have been applied to a 2+1D MonteCarlo simulation of an ideal expanding plasma, showing that the hadronic interaction does not modify appreciably the R AA but contributes to the increase of the v 2 [11] . Finally, in a dynamical quasiparticle model simulation the effect of hadronic interaction is a bit stronger, shifting the peak of R AA at higher momenta and increasing v 2 up to a factor of 2 [12] . These examples show that the hadronic interaction presents a nonzero effect on the final observables, bringing the R AA and v 2 closer to the experimental results of RHIC experiments. We expect that the hadronic contribution will be more important for low-energy collisions like those at future Facility for Antiproton and Ion Research (FAIR) or the Nuclotron based Ion Collider fAcility (NICA).
